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13042319 BIOSIS Number: 99042319 

Humoral and cellular responses raised against the human HER2 oncoprotein 
are cross-reactive with the homologous product of the neu proto- oncogene, 
but do not protect rats against B104 tumors expressing mutated neu 

Taylor P; Gerder M; Moros Z; Feldmann M 

IVIC, BAMCO.CCS.199.00. , PO Box 025322, Miami, FL 33102-5322, USA 

Cancer Immunology Immunotherapy 42 (3). 1996. 179-184. 

Full Journal Title: Cancer Immunology Immunotherapy 

ISSN: 0340-7004 

Language: ENGLISH 
. Print Number: Biological Abstracts Vol. 102 Iss. 002 Ref . 024492 

The neu proto -oncogene encodes a plasma membrane protein belonging to the 
epidermal growth factor receptor family. The cell line B 104, derived from 
a BDIX rat neuroblastoma, carries a point mutation in neu, and forms a 
tumor when injected into these rats. The human homologue of the neu 
oncogene (here called HER2) is overexpressed in certain types of cancer. 
Rats were immunized with HER2 protein (HER2) toinvestigate a possible 
cross-reaction between the homologous proteins which could protect them 
against subsequent inoculation with B 104. Specific antibody in the serum 
was measured by cell-based enzyme-linked immunosorbent assay and 
fluorescence immunocytochemistry, and delayed-type hypersensitivity by an 
ear assay. Sera from animals immunized with the HER2 extracellular domain 
(HER2-ECD) reacted with both HER2- and neu -expressing cells. In the ear 
assay, a significant cellular response to both HER2-ECD (P It 0.05) and neu 
protein (P It 0.001) was observed in HER2-ECD- immunized rats. However, the 
growth of B 104 tumors in rats was not affected by preimmunization with 
HER2-ECD . The results indicate that an autoreactive immune response to neu 
was induced by immunization with HER2-ECD, but was too weak to affect the 
growth of the neu-bearing tumor. 



9/7/2 (Item 2 from file:' 5) 

DIALOG (R) File 5: BIOSIS PREVIEWS (R) 
(c) 1997 BIOSIS. All rts. reserv. 

12229853 BIOSIS Number: 98829853 

Peptide-based, but not whole protein, vaccines elicit immunity to 
HER- 2 -neu, an oncogenic self -protein 

Disis M L; Gralow J R; Bernard H; Hand S L; Rubin W D; Cheever M A 
Div. Oncol., Box 356527, 1959 N.E. Pacific St., Health Sci. Build., 
BB1321, Seattle, WA 98195-6527, USA 

Journal of Immunology 156 (9). 1996. 3151-3158. r\£xx Pn)HL«kO 

Full Journal Title: Journal of Immunology , I , 

ISSN: 0022-1767 Ui (O Y\OYY\O\0 

Language: ENGLISH Vua-kV\Cl<a H"£R-. , 

Print Number: Biological Abstracts Vol. 101 Iss. 012 Ref. 180275 "pVcfteip 
HER- 2 /neu, an overexpressed oncogenic protein, has been proposed as a 
human cancer vaccine target. HER -2 /neu is a "self" protein, however, and 
methods of vaccine strategies that would be effective in immunizing 
patients to a "self" tumor Ag have not been established. Many of the tumor 
Ags defined in humans are nonmutated self proteins, e.g., MAGE, and 
overcoming tolerance may be key in the generation of effective anti-tumor 
immunity. One theory states that tolerance to self proteins is directed 
only to dominant epitopes of proteins and not to every portion of the 
protein. Accordingly, tolerance can be circumvented by immunization to 
peptide fragments, but not whole protein. The studies outlined here 
demonstrate rat neu- specific immunity could be elicited in rats by 




vaccination with immunogenic rat neu peptides, but not by immunization with 
the intact protein. A rat model was used since rat neu protein is 89% 
homologous to human HER- 2 /neu protein and has a similar tissue distribution 
and level of expression. Rats were immunized with groups of peptides 
derived from the amino acid sequence of the intracellular domain or 
extracellular domain of rat neu protein and both groups developed CD4+ T 
cell immunity and Ab immunity to rat neu peptides and protein. Animals 
immunized in a similar fashion with intact purified rat neu protein did not 
develop Ab or T cell immunity to rat neu. Furthermore, rats that developed 
neu- specific immunity showed no histopathologic evidence of autoimmunity 
directed against organs expressing basal levels of rat neu protein. These 
studies suggest an immunization strategy that might be effective in human 
cancer vaccines targeting self tumor Ag. 



9/7/3 (Item 3 from file: 5) 

DIALOG (R) File 5:BI0SIS PREVIEWS (R) 
(c) 199.7 BIOSIS. All rts. reserv. 

8624389 BIOSIS Number: 92089389 

ONCOGENIC FORMS OF THE NEU-HER2 TYROSINE KINASE ARE PERMANENTLY COUPLED 
TO PHOSPHOLIPASE C-GAMMA 

PELES E; BEN LEVY R; OR E; ULLRICH A; YARDEN Y 

DEP CHEMICAL IMMUNOL., WEIZMANN INST. SCI., REHOVOT 76100, ISRAEL. 
EMBO (EUR MOL BIOL ORGAN) J 10 (8). 1991. 2077-2086. CODEN: EMJOD 
Full Journal Title: EMBO (European Molecular Biology Organization) 
Journal 

Language: ENGLISH 

The neu /HER2 proto- oncogene encodes a transmembrane tyrosine kinase 
homologous to receptors for polypeptide growth factors. The oncogenic 
potential of the presumed receptor is released through multiple genetic 
mechanisms including specific point mutation, truncation at the 
extracellular domain and overexpression of the proto- oncogene . Here we show 
that all these modes of oncogenic activation result in constitutively 
phosphorylated neu protein and an increase in tyrosine phosphorylation of a 
phosphatidylinositol-specific phospholipase ( PLC . gamma .) . The examined 
transforming neu/HER2 proteins, unlike the normal gene product, also 
co-immunoprecipitated with PLC. gamma, molecules. A kinase-def ective mutant 
of a transforming neu failed to mediate both tyrosine phosphorylation and 
association with PLC. gamma., suggesting direct interaction of the neu 
kinase with PLC. gamma. . This possibility was examined by employing a 
chimeric protein composed of the extracellular ligand-binding domain of the 
epidermal growth factor receptor and the neu cytoplasmic portion. The 
chimeric receptor mediated rapid ligand- dependent modification of 
PLC. gamma, on tyrosine residues. It also physically associated, in a 
ligand -dependent manner, with the phosphoinositidase . Based on the 
presented results we suggest that the mechanism of cellular transformation 
by the neu/HER2 receptor involves tyrosine phosphorylation and activation 
of PLC. gamma. . 



9/7/4 (Item 4 from file: 5) 

DIALOG (R) File 5: BIOSIS PREVIEWS (R) 
(c) 1997 BIOSIS. All rts. reserv. 

7032047 BIOSIS Number: 87092568 

A CHIMERIC EGF-R-NEU PROTO -ONCOGENE ALLOWS EGF TO REGULATE NEU TYROSINE 
KINASE AND CELL TRANSFORMATION 



LEHVASLAIHO H; LEHTOLA L; SISTONEN L; ALITALO K 

DEP. VIROL. PATHOL . , UNIV. HELSINKI, HAARTMANINKATU 3, SF-00290 HELSINKI, 
FINL. 

EMBO (EUR MOL BIOL ORGAN) J 8 (1). 1989. 159-166. CODEN: EMJOD 
Full Journal Title: EMBO (European Molecular Biology Organization) 
Journal 

Language: ENGLISH 

The neu oncogene, characterized by Weinberg and colleagues, is a 
transforming gene found in ethylnitrosourea- induced rat 
neuro/glioblastomas; its human protooncogene homologue has been termed 
erbB2 or HER2 because of its close homology with the epidermal growth 
factor receptor (EGF-R) gene (c-erbBl) . Expression of the rat neu oncogene 
is sufficient for transformation of mouse NIH 3T3 fibroblasts in culture 
and for the development of mammary carcinomas in transgenic mice, but the 
neu proto-oncogene has not been associated with cell transformation. We 
constructed a vector for expression of a chimeric cDNA and hybrid protein 
consisting of the EGF-R extracellular, transmembrane and protein kinase 
C-substrate domains linked to the intracellular tyrosine kinase and 
carboxyl terminal domain of the rat neu cDNA. Upon transfection with the 
construct, NIH 3T3 cells gave rise to EGF-R antigen- positive cell clones 
with varying amounts of specific EGF binding. Immunofluorescence and 
immunoprecipitation using neu- and EGF-receptor specific antibodies 
demonstrated a correctly oriented and positioned chimeric EGF-R- neu protein 
of the expected apparent mol . wt on the surface of these cells. EGF or 
TGF. alpha, induced tyrosine phosphorylation of the chimeric receptor 
protein, stimulated DNA synthesis of EGF-R- neu expressing cells and led to 
a transformed cell morphology and growth in soft agar. In contrast, the 
neur proto-oncogene did not show kinase activity or transforming properties 
when expressed at similar levels in NIH 3T3 cells. These results suggest 
that the neu proto-oncogene possesses mitogenic and transforming properties 
only in the presence of a ligand which stimulates its tyrosine kinase 
activity and provides the first model for studies of the function of the 
neu tyrosine kinase. 



9/7/5 (Item 5 from file: 5) 

DIALOG (R) File 5:BI0SIS PREVIEWS (R) 
(c) 1997 BIOSIS. All rts. reserv. 

5751244 BIOSIS Number: 83013551 

ALTERNATIVE 5' EXONS AND TISSUE- SPECIFIC EXPRESSION OF THE DROSOPHILA 
EPIDERMAL GROWTH FACTOR RECEPTOR HOMOLOG TRANSCRIPTS 

SCHEJTER E D; SEGAL D; GLAZER L; SHILO B-Z 

DEPARTMENT OF VIROLOGY, WEIZMANN INSTITUTE OF SCIENCE, REHOVOT 76101, 
ISRAEL. 

CELL 46 (7). 1986. 1091-1102. CODEN: CELLB 
Full Journal Title: Cell 
Language: ENGLISH 

cDNA clones of the Drosophila epidermal growth factor receptor homolog 
(DER) gene were isolated and sequenced. The deduced amino acid sequence 
shows a similar degree of homology to the human epidermal growth factor 
receptor and to the rat and human neu proteins; the most striking 
difference is the addition of a third cysteine- rich extracellular domain in 
DER. The structure of the cDNA indicates the use of alternative 5' exons. 
Thus, the gene encodes three putative proteins differing at their N 
termini. The distribution of DER transcripts was analyzed by in situ 
hybridization. Transcripts are uniformly distributed in embryos, larval 
transcripts are primarily localized to proliferating tissues of the 



imaginal discs and brain cortex, and adult transcripts are detected mainly 
in the brain and ganglia. All three splicing alternatives show similar 
tissue distribution during development. 
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DIALOG (R) File 73 : EMBASE 

(c) 1997 Elsevier Science B.V. All rts. reserv. 

6122787 EMBASE NO: 86117847 

Similarity of protein encoded by the human c-erb-B-2 gene to epidermal 
growth factor receptor 

Yamamoto T. ; Ikawa S.; Akiyama T.; et al . 

Institute of Medical Science, University of Tokyo, Minato-ku, Tokyo 108 
JAPAN 

NATURE (ENGLAND) , 1986, 319/6050 (230-234) CODEN: NATUA 
LANGUAGES: ENGLISH 

A novel v-erb-B-related gene, c-erb-B-2, which has been identified in the 
human genome, maps to human chromosome 17 at q21, and seems to encode a 
polypeptide with a kinase domain that is highly homologous with, but 
distinct from, that of the epidermal growth factor (EGF) receptor. The 
c-erb-B-2 gene is conserved in vertebrates and it has been suggested that 
the neu gene, detected in a series of rat neuro/glioblastomas, is, in fact, 
the rat c-erb-B-2 gene. Amplification of the c-erb-B-2 gene in a salivary 
adenocarcinoma and a gastric cancer cell line MKN-7 suggests that its 
over- expression is sometimes involved in the neoplastic process. To 
determine the nature of the c-erb-B-2 protein, we have now molecularly 
cloned complementary DNA for c-erb-B-2 messenger RNA prepared from MKN-7 
cells. Its sequence shows that the c-erb-B-2 gene encodes a possible 
receptor protein and allows an analysis of the similarity of the protein to 
the EGF receptor and the neu product.. As a consequence of chromosomal 
aberration in MKN-7 cells, a 4.6-kilobase (kb) normal transcript and a 
truncated 2.3-kb transcript of c-erb-B-2 are synthesized at elevated 
levels. The latter transcript presumably encodes only the extracellular 
domain of the putative receptor. 



9/7/7 (Item 1 from file: 76) 

DIALOG (R) File 76: Life Sciences Collection 
(c) 1997 Cambridge Sci Abs. All rts. reserv. 

01384629 2292190 

A truncated, secreted form of the epidermal growth factor receptor is 
encoded by an alternatively spliced transcript in normal rat tissue. 

Petch, L.A.; Harris, J.; Raymond, V.W.; Blasband, A.; Lee, D.C.; Earp, H.S. 

Dep. Pharmacol., Lineberger Cancer Res. Cent., Univ. North Carolina, Chapel 
Hill, NC 27599, USA 

MOL. CELL. BIOL. vol. 10, no. 6, pp. 2973-2982 (1990.) 

DOCUMENT TYPE: Journal article LANGUAGE: ENGLISH 

SUBFILE: Biochemistry Abstracts Part 2: Nucleic Acids; Genetics Abstracts; 
Biochemistry Abstracts Part 3: Amino Acids, Peptides and Proteins; 
Oncogenes Abstracts 

Two independent cDNA clones corresponding to a 2.7-kilobase (kb) 
epidermal growth factor receptor (EGF-R) mRNA were isolated from a rat 
liver cDNA library. Sequence analysis revealed 100% homology in the 
external domain when compared with the full-length rat EGF-R nucleotide 
sequence and 80 to 90% similarity relative to the human EGF-R. However, the 



3 '-terminal sequence of these clones did not match EGF-R or any other known 
sequence (s) and was distinct from the 3 1 end of the 2.8-kb mRNA, which 
encodes a truncated EGF-R in A431 cells. The deduced amino acid sequence 
revealed an open reading frame which is homologous to the external domain 
of the EGF-R but which terminates prior to the transmembrane region. 
Southern blot analysis of rat genomic DNA indicated that the 3 '-terminal 
sequence of this transcript is derived from the EGF-R gene. 



9/7/8 (Item 1 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 1997 Knight-Ridder Info. All rts. reserv. 

08600883 96222282 

Humoral and cellular responses raised against the human HER2 oncoprotein 
are cross -reactive with the homologous product of the new proto- oncogene, 
but do not protect rats against B104 tumors expressing mutated neu. 

Taylor P; Gerder M; Moros Z; Feldmann M 

Center for Experimental Medicine, Venezuelan Institute for Scientific 
Research, IVIC, Caracas, Venezuela. ptaylor@medicina. ivic.ve 

Cancer Immunol Immunother (GERMANY) Mar 1996, 42 (3) pl79-84, ISSN 
0340-7004 Journal Code: CN3 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

The neu proto-oncogene encodes a plasma membrane protein belonging to the 
epidermal growth factor receptor family. The cell line B104, derived from 
BDIX rat neuroblastoma, carries a point mutation in neu, and forms a tumor 
when injected into these rats. The human homologue of the neu oncogene 
(here called HER2) is overexpressed in certain types of cancer. Rats were 
immunized with HER2 protein (HER2) to investigate a possible cross-reaction 
between the homologous proteins which could protect them against subsequent 
inoculation with B104 . Specific antibody in the serum was measured by 
cell -based enzyme- linked immunoabsorbent assay and fluorescence 
immunocytochemistry, and delayed- type hypersensitivity by an ear assay. 
Sera from animals immunized with the HER2 extracellular domain (HER2-ECD) 
reacted with both HER2- and neu -expressing cells. In the ear assay, a 
significant cellular response to both HER-ECD (P < 0.05) and neu protein (P 
< 0.001) was observed in HER2-ECD- immunized rats. However, the growth of 
B104 tumors in rats was not affected- by pre immunization with HER2-ECD. The 
results indicate that an autoreactive immune response to neu was induced by 
immunization with HER2-ECD, but was too weak to affect the growth of the 
neu-bearing tumor. 
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07028238 93203131 

The role of erbB-2 and its ligands in growth control of malignant breast 
epithelium. 

Lupu R; Dickson RB; Lippman ME 

Lombardi Cancer Research Center, Georgetown University Medical Center, 
Washington, DC 20007. 

Princess Takamatsu Symp (UNITED STATES) 1991, 22 p49-60, 
Journal Code: HHI 

Languages: ENGLISH 
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A wealth of recently derived information has strongly implicated the 
protooncogene erbB-2 (also termed HER- 2 or neu) and its protein product as 
critically involved in human breast cancer as well as other important 
epithelial malignancies. Because of its substantial homology with the EGF 
receptor, erbB-2 has long been assumed to encode a growth factor receptor, 
although until recently definitive identification of ligand(s) has remained 
elusive. Both in a mutated form and when overexpressed in a non-mutated 
form, erbB-2 is capable of inducing malignant transformation of many target 
cells including immortalized breast epithelium. We have recently identified 
and purified a 30 kDa size growth factor secreted by some human breast 
cancer cells. The factor is related to transforming growth factor-alpha 
(TGF-alpha) in its ability to bind to the epidermal growth factor (EGF) 
receptor (though with about 10 fold lower apparent affinity), its ability 
to phosphorylate EGF receptor and its ability to induce cloning of normal 
rat kidney (NRK) fibroblasts. However, it is distinct from TGF-alpha as 
determined by peptide mapping and its ability to induce activation of 
erbB-2. TGF-alpha and EGF are incapable of directly inducing 
phosphorylation of erbB-2. However, in a variety of spontaneously occurring 
tumor cells as well as cell lines transfected with erbB-2 prepared in our 
laboratory, 30 kDa glycoprotein (gp30) is capable of inducing direct 
phosphorylation of erbB-2. The ability to induce phosphorylation of erbB-2 
is not inhibited by an anti-EGF receptor blocking antibody. In cells that 
overexpress erbB-2, the gp30 low concentrations is stimulatory of both 
standard mitogenesis assays and in clonogenic assays. At higher 
concentrations, the ligand is growth inhibitory in both of these assays. 
Because of the ability of gp30 to compete for binding with antibodies 
directed against erbB-2 which inhibit growth, the gp30 ligand is capable of 
reversing antibody- induced inhibition of growth. In addition, the gp30 
ligand can overcome inhibitory effects seen in cells which overexpress 
erbB-2 which are induced by extracellular domain fragments of the erbB-2 
receptor, once again suggesting a specific pathway of action for the gp30 
ligand mediated for interaction with erbB-2 . (ABSTRACT TRUNCATED AT 400 
WORDS) (23 Refs.) 
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cDNA clones of the Drosophila epidermal growth factor receptor homolog 
(DER) gene were isolated and sequenced. The deduced amino acid sequence 
shows a similar degree of homology to the human epidermal growth factor 
receptor and to the rat and human neu proteins; the most striking 
difference is the addition of a third cysteine-rich extracellular domain in 
DER. The structure of the cDNA indicates the use of alternative 5 f exons. 
Thus, the gene encodes three putative proteins differing at their N 
termini. The distribution of DER transcripts was analyzed by in situ 
hybridization. Transcripts are uniformly distributed in embryos, larval 
transcripts are primarily localized to proliferating tissues of the 
imaginal discs and brain cortex, and adult transcripts are detected mainly 



in the brain and ganglia. All three splicing alternatives show similar 
tissue distribution during development. 
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CLAIMS EP 583050 A3 

1. A non-naturally-occurring polypeptide comprising an amino acid 
sequence sufficiently duplicative of that of naturally-occuring neu 
receptor stimulating factor to allow possession of one or more 
biological activities of naturally-occurring neu receptor stimulating 
factor. 

2 . A polypeptide according to Claim 1 which is a product of procaryotic 
or eucaryotic expression of an exogenous DNA sequence. 

3 . A polypeptide according to Claim 2 which is a product of non-human 
mammalian cell expression. 

4. A polypeptide according to Claim 3 in which the non-human mammalian 
cell is a CHO cell. 

5. A polypeptide according to Claim 2 which is a product of E. coli cell 
expression. 

6. A polypeptide according to Claim 2 which is a product of yeast cell 
expression. 

7 . A polypeptide according to Claim 2 wherein the exogenous DNA sequence 
is a cDNA sequence. 

8. A polypeptide according to Claim 7 wherein the cDNA sequence is the 
DNA sequence of Figure 5 (SEQ ID NO: 4) . 

9. A polypeptide according to Claim 2 wherein the exogenous DNA sequence 
is a genomic DNA sequence which is homologous to the cDNA sequence of 
Figure 5 (SEQ ID N0:4) . 

10. A polypeptide according to Claim 2 wherein the exogenous DNA sequence 
is a manufactured DNA sequence. 

11. A polypeptide according to Claim 2 wherein the exogenous DNA sequence 
is carried on an autonomously replicating DNA plasmid or viral 
vector. 

12. A polypeptide according to claim 1 comprising the amino acid sequence 
of rat neu receptor stimulating factor set forth in Figure 5 (SEQ ID 
NO: 4), or any genetically engineered variant thereof. 

13 . A polypeptide according to Claim 1 comprising the amino acid sequence 
of the EGF-like domain of rat neu receptor stimulating factor set 
forth in Figure 7 (SEQ ID NO: 5) . 

14. A polypeptide according to Claim 1 comprising the amino acid sequence 
of the immunoglobulin- like domain of rat neu receptor stimulating 
factor set forth in Figure 8 (SEQ ID NO: 14) . 

15. A polypeptide according to Claim 1 which has one or more in vivo 
biological activities of naturally-occurring neu receptor stimulating 
factor. 

16. A polypeptide according to Claim 1 which has one or more in vitro 
biological activities of naturally-occurring neu receptor stimulating 
factor. 

17. An isolated DNA sequence for use in securing expression in a 
procaryotic or eucaryotic host cell of a polypeptide product having 
an amino acid sequence sufficiently duplicative of that of 
naturally-occurring neu receptor stimulating factor to allow 
possession of one or more biological activities of naturally 
occurring neu receptor stimulating factor, said DNA sequence selected 
from among: 

(a) the DNA sequences set out in Figures 4 and 5 (SEQ ID NO: 3 and SEQ 
ID N0:4, respectively) or their complementary strands; 



(b) DNA sequences which hybridize to the DNA sequences defined in (a) 
or fragments thereof; and 

(c) DNA sequences which, but for the degeneracy of the genetic code, 
would hybridize to the DNA sequences defined in (a) and (b) . 

18. A procaryotic or eucaryotic host cell transformed or transfected with 
a DNA sequence according to Claim 17 in a manner allowing the host 
cell to express the polypeptide product. 

-19. A polypeptide product of the expression of a DNA sequence of Claim 17 
in a procaryotic or eucaryotic host cell. 

20. An isolated DNA sequence encoding procaryotic or eucaryotic host 
expression of a polypeptide having an amino acid sequence 
sufficiently duplicative of that of naturally-occurring neu receptor 
stimulating factor to allow possession of one or more biological 
activities of naturally-occurring neu receptor stimulating factor. 

21. A cDNA sequence according to Claim 20. 

22. A genomic DNA sequence according to Claim 20. 

23. A manufactured DNA sequence according to Claim 20. 

24. A DNA sequence according to Claim 20 as set out in Figures 4 and 5 
(SEQ ID NO: 3 and SEQ ID NO:4, respectively) . 

25. A DNA sequence according to Claim 20 including one or more codons 
preferred for expression in E.coli cells. 

26. A DNA sequence according to Claim 20 including one or more codons 
preferred for expression in yeast cells. 

27. A DNA sequence according to Claim 20 including one or more codons 
preferred for expression in mammalian cells. 

28. A biologically functional plasmid or viral DNA vector including a DNA 
sequence according to Claim 20. 

29. A procaryotic or eucaryotic host cell stably transformed or 
transfected with a DNA vector according to Claim 20. 

30. A polypeptide product of the expression in a procaryotic or 
eucaryotic host cell of a DNA sequence according to Claim 20. 

31. A DNA sequence encoding a polypeptide fragment or polypeptide analog 
of naturally-occurring neu receptor stimulating factor. 

32. A DNA sequence as in Claim 31 encoding methionyl neu receptor 
stimulating factor. 

33. A polypeptide having part or all of the amino acid sequence set forth 
in Figure 5 (SEQ ID NO: 4) and having one or more of the in vitro or 
in vivo biological activities of naturally-occurring neu receptor 
stimulating factor. 

34. A polypeptide having part or all of the secondary structure of 
naturally-occurring neu receptor stimulating factor and having part 
or all of the amino acid sequence set forth in Figure 5 (SEQ ID 

NO: 4), and having one or more biological properties of 
naturally- occurring neu receptor stimulating factor. 

35. A DNA sequence coding for an analog of human neu receptor stimulating 
factor selected from the group consisting of: 

a) (Met-1) neu receptor stimulating factor; and 

b) neu receptor stimulating factor wherein one or more cysteines are 
replaced by alanine or serine. 

36. A polypeptide product of the expression in a procaryotic or 
eucaryotic host cell of a DNA sequence according to Claim 35. 

37. A non-naturally-occurring polypeptide having one or more biological 
activities of naturally-occurring neu receptor stimulating factor, 
said polypeptide having an amino acid sequence set forth in Figure 5 
(SEQ ID N0:4), or any derivatives, deletion analogs, substitution 
analogs, or addition analogs thereof, and characterized by being the 
product of procaryotic or eucaryotic expression of an exogenous DNA 
sequence . 



38. A process for the production of neu receptor stimulating factor 
comprising: 

growing, under suitable nutrient conditions, procaryotic or 
eucaryotic host cells transformed or transfected with a DNA according 
• to Claim 17, and 

isolating the desired polypeptide product of the expression of 
the DNA sequence in said vector. 

39. A method of modulating cellular proliferation and differentiation, 
comprising contacting the cells with an effective amount of 
recombinant neu receptor stimulating factor. 

40. A method according to Claim 39 which is carried out in a mammal. 

41. A method according to Claim 40 in which the mammal is a human. 

42. A method for enhancing repair and regeneration of human tissues that 
express the neu receptor, comprising administering an effective 
amount of recombinant neu receptor stimulating factor. 

43. A method according to Claim 42, in which the tissues are selected 
from the group consisting of the gastrointestinal, respiratory, 
urinary and reproductive tract tissues. 

44. A method according to Claim 42, in which the tissues comprise human 
skin. 

45. A method according to Claim 42, in which the tissues are neural 
tissues. 

46. A method of treating neu receptor stimulating factor deficiencies in 
human tissues that express the neu receptor, comprising administering 
an effective amount of recombinant neu receptor stimulating factor to 
a human having such a deficiency. 

47. A method of treating a mammalian tumor expressing neu receptor on the 
surface of the tumor cells, comprising administering to a mammal 
having such a tumor an amount of recombinant neu receptor stimulating 
factor effective to reduce tumor growth . 

48. A method according to Claim 47, wherein the mammal is a human. 

49. A method according to Claim 48, used for the treatment of carcinoma 
selected from the group consisting of prostate, ovary, breast, 
stomach, lung, kidney and skin carcinomas. 

50. A pharmaceutical composition comprising an effective amount of 
recombinant neu receptor stimulating factor and a 
pharmaceutically-acceptable diluent, adjuvant or carrier. 

51. An antibody specifically generated by immunization with a polypeptide 
according to Claim 12 . 

52. An antibody according to Claim 51 which is a monoclonal antibody. 

53. A biologically active composition comprising the polypeptide of Claim 
1 covalently attached to a water soluble polymer. 

54. A composition according to Claim 53 in which the polymer is selected 
from the group consisting of polyethylene glycol and copolymers of 
polyethylene glycol and polypropylene glycol. 

55. A method of detecting underexpression or overexpression of neu 
receptor stimulating factor mRNA in human cells or tissues, 
comprising: 

(a) isolating RNA from the cells or tissues; 

(b) contacting the RNA with a nucleic acid probe capable of 
hybridizing with a nucleic acid sequence present in neu receptor 
stimulating factor mRNA under conditions appropriate for 
hybridization of the probe with the nucleic acid for which it is 
specific; and 

(c) determining the level of hybridization between the RNA and the 
probe, as indicative of underexpression or overexpression of the neu 
receptor stimulating factor mRNA. 
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ABSTRACT EP 599274 Al 

The molecular cloning, expression, and biological characteristics of a 
novel receptor tyrosine kinase related to the epidermal growth factor 
receptor, termed HER4/pl80( sup(erbB4,) are described. A HER4 ligand 
capable of inducing cellular differentiation of breast cancer cells is 
also disclosed. In view of the expression of HER4 in several human 
cancers and in certain tissues of neuronal and muscular origin, various 
diagnostic and therapeutic uses of HER4-derived and HER4-related 
biological compositions are provided, (see image in original document) 
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CLAIMS EP 599274 Al 



1. A recombinant polynucleotide comprising a sequence of at least about 
200 nucleotides having greater than 80 % homology to a contiguous 
portion of the HER4 nucleotide sequence depicted in FIG. 1 or its 
complement . 

2. The recombinant polynucleotide of claim 1 comprising a sequence of 
nucleotides encoding at least about 70 contiguous amino acids within 
the HER4 amino acid sequence depicted in FIG. 1. 

3. The recombinant polynucleotide of claim 1 comprising a contiguous 
sequence of at least about 200 nucleotides within the HER4 nucleotide 
coding sequence depicted in FIG. 1 or its complement. 

4 . The recombinant polynucleotide of claim 1 comprising the HER4 
nucleotide coding sequence depicted in FIG. 1 or its complement. 

5. A recombinant polynucleotide which encodes a polypeptide having 
structural characteristics equivalent to that of HER4 , which 
polynucleotide is obtained by single or multiple base addition, 
deletion and/or substitution in a nucleotide sequence of one of the 
claims 1 to 4, or which is obtained by selective hybridization with a 
nucleotide sequence of one of the claims 1 to 4. 

6. A recombinant polynucleotide according to one of the claims 1 to 5 
which is a DNA polynucleotide. 

7. A recombinant polynucleotide according to one of the claims 1 to 5 
which is a RNA polynucleotide. 

8. An assay kit comprising a recombinant polynucleotide according to one 
of the claims 1 to 5 to which a detectable label has been added. 

9. A polymerase chain reaction (PCR) kit comprising a pair of primers 
capable of priming cDNA synthesis in a PCR reaction, wherein each 
primer is a polynucleotide according to claim 6. 

10. The PCR kit according to claim 9 further comprising a polynucleotide 
probe capable of hybridizing to a region of the HER4 gene between and 
not including the nucleotide sequences to which the primers 
hybridize. 

11. A polypeptide comprising a sequence of at least about 80 amino acids 
having greater than 90 % identity to a contiguous portion of the HER4 
amino acid sequence depicted in FIG. 1. 

12 . A HER4 polypeptide comprising 

the amino acid sequence depicted in FIG. 1 from amino acid 
residues 1 through 1308, or 

the amino acid sequence depicted in FIG. 1 from amino acid 
residues 26 through 1308; or 

the amino acid sequence depicted in FIG. 1 from amino acid 
residues 1 through 1045; or 

the amino acid sequence depicted in FIG. 1 from amino acid 
residues 26 through 1045; or 

the amino acid sequence depicted in FIG. 2A, or 

the amino acid sequence depicted in FIG. 1 from amino acid 
residues 772 through 1308; or 

the amino acid sequence depicted in FIG. 2B. 

13 . A polypeptide having structural and/or functional features equivalent 
to HER4 , obtainable by single or multiple amino acid addition, 
deletion and/or substitution in a sequence of one of the claims 11 or 
12. 

14. An antibody capable of inhibiting the interaction of a soluble 
polypeptide and human HER4 . 

15. An antibody according to claim 14 wherein the soluble polypeptide is 
a heregulin. 

16 . An antibody capable of 

a) stimulating HER4 tyrosine autophosphorylation; or 

b) inducing a HER4 -mediated signal in a cell, which signal results in 



modulation of growth and/or differentiation of the cell; or 
c) inhibiting HepG2 fraction 17 -stimulated tyrosine phosphorylation of 
HER4 expressed in CH0/HER4 21-2 cells as deposited with the ATCC 
(accession number CRL 11205) . 

17. An antibody which immunospecif ically binds to human HER4. 

18. An antibody according to claim 17 which 

a) resides on the cell surface after binding to HER4; or 

b) is internalized into the cell after binding to HER4; or 

c) immunospecif ically binds to human HER4 expressed in CHO/HER4 21-2 
cells as deposited with the ATCC (accession number CRL 11205) ; or 

d) neutralizes HER4 biological activity; or 

e) is conjugated to a drug or toxin; or 

f) is radiolabeled. 

19. Plasmid pBSHER4Y as deposited with the ATCC and having the accession 
number ATCC 69131. 

20. A recombinant vector comprising a nucleotide sequence encoding a 
polypeptide according to one of the claims 11 to 13. 

21. A host cell transfected with a recombinant vector according to claim 
20. 

22. A recombinant vector comprising a nucleotide sequence encoding a 
polypeptide according to one of the claims 11 to 13 wherein the 
coding sequence is operably linked to a control sequence which is 
capable of directing the expression of the coding sequence in a host 
cell transfected therewith. 

23. A host cell transfected with a recombinant vector according to claim 
22. 

24. Cell line CH0/HER4 21-2 as deposited with the ATCC and having the 
accession number CRL 11205. 

25. An assay for detecting the presence of a HER4 ligand in a sample 
comprising: 

(a) applying the sample to cells which have been engineered to 
overexpress HER4; and 

(b) detecting an ability of the ligand to affect an activity mediated 
by HER4. 

26. The method according to claim 25, wherein the cells are CH0/HER4 21-2 
cells as deposited with the ATCC and having the accession number CRL 
11205. 

27. The method according to claim 25, wherein the activity detected is 
HER4 tyrosine phosphorylation, or morphologic differentiation. 

28. A ligand for HER4 comprising a polypeptide which binds to HER4 , 
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A variety of antigens have been identified on the surface of the 
malignant cell. However, identical antigens are often found on 
non-malignant cells of the same or different histological origin, or of a 
different stage of embryonic development. Many of these tumour-associated 
antigens appear to be only incidentally expressed on neoplastic cells. 
Clearly, it would be of great interest to identify cell-surface antigens 
whose expression is associated specifically with the transformed state and 
linked directly with the mechanisms responsible for transformation. The 
detection of activated cellular oncogenes in human and animal cancer cells 
by the technique of DNA transfection has allowed the isolation of genetic 
elements which are thought to have a critical role in malignancy. Here, in 
an effort to identify cell -surface antigens associated with the neoplastic 
process, we have generated hybridomas which secrete monoclonal antibodies 
that react specifically with cell -surface determinants found on NIH 3T3 
cells transformed by transfection with a group of rat neuroblastoma 
oncogenes. These antibodies bind to and immunoprecipitate a phosphoprotein 
of relative molecular mass 185,000 (185 K) from a DNA donor .rat 
neuroblastoma and 13 independent rat neuroblastoma DNA transf ectants . There 
was no antibody reactivity with normal NIH 3T3 cells or with NIH 3T3 cells 
transformed by various other agents. 
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Liposomes (70-100 nm) of l-palmitoyl-2-oleoylphosphatidylcholine, 
cholesterol, and poly (ethylene glycol) (PEG) -modified phosphatidylethanolam 
ine (PEG-DSPE) were conjugated to Fab 1 fragments of a humanized recombinant 
MAb against the extracellular domain of HER2 / neu to create sterically 
stabilized immunoliposomes (anti-HER2 SL) as a drug carrier targeting 
HER2-overexpressing cancers . Conjugation employed maleimide- terminated 
membrane -anchored spacers of two kinds: a short spacer, providing 
attachment of Fab 1 close to the liposome bilayer, or a long spacer, with 
Fab 1 attachment at the distal terminus of the PEG chain. Confocal 
microscopy and spectrof luorometry of HER2-overexpressing breast cancer 
cells incubated with f luorescently labeled anti-HER2 SL prepared with 
either spacer showed binding of liposomes (8000-23000 vesicles/cell) 
followed by endocytosis (rate constant ke = 0.012-0.033 min-1) via the 
coated-pit pathway, evidenced by intracellular acidification and 
colocalization with transferrin. Uptake of anti-HER2 immunoliposomes by 
breast cancer cells with low HER2 expression, or after preincubation of 
cells with free anti-HER2 Fab 1 , was less than 0.2% and 4.3%, respectively, 
of the uptake by HER2-overexpressing cells". Increasing PEG-DSPE content (up 
to 5.7 mol %) in anti-HER2-SL prepared with the short spacer decreased 
liposome-cell binding affinity 60-100-fold, while ke decreased only 2-fold; 
however, when Fab 1 fragments were conjugated via a PEG spacer, both binding 
affinity and ke were unaffected by PEG-DSPE content. Cell binding and 
internalization of anti-HER2 immunoliposomes increased at higher surface 
density of conjugated Fab 1 fragments, reaching plateaus at approximately 40 
Fab' /liposome for binding and approximately 10-15 Fab 1 /liposome for 
internalization. Uptake of anti-HER2 immunoliposomes correlated with the 
cell surface density of HER2 and significantly (p < 0.005) correlated with 
the antiproliferative effect of the targeting antibody but not with the 
total level of cellular HER2 expression. The results obtained were used to 
optimize in vivo preclinical studies of anti-HER2 SL loaded with 
antineoplastic drugs. 
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A new human breast cancer cell line (SUM-52PE) , originating from a 
malignant pleural effusion specimen, that can be cultured under serum-free 
conditions has been isolated. Experiments were conducted to examine the 
relationship between expression of the erbB family of growth factor 
receptors and growth regulation in these cells. SUM-52PE cells are 
epidermal growth factor receptor negative but express single copy levels of 
erbB-2 protein. Southern blot analysis indicates that the erbB- 2 gene is 
not amplified in these cells. The cells also express mRNA for both erbB-3 
and erbB-4. Phospho tyrosine Western blot analysis of membrane protein 
obtained from SUM-52PE cells indicates the presence of a constitutively 
tyrosine phosphorylated M(r) 185,000 protein. Immunoprecipitation, using 
antibodies to erbB-2 or erbB-3, coupled to phosphotyrosine Western blot 
analysis indicates that both erbB-2 and erbB-3 are constitutively tyrosine 
phosphorylated in proliferating SUM-52PE cells. Conditioned medium obtained 
from SUM-52PE cells does not induce tyrosine phosphorylation of pl85erbB-2 
in a sensitive indicator cell line, suggesting that an erbB-2 activating 
factor is not secreted by these cells. However, neu differentiation 
f actor /heregulin (NDF/HRG) mRNA is expressed by the cells, and Western blot 
analysis of SUM-52PE membrane protein revealed the presence of a M(r) 
90,000 immunoreactive NDF/HRG protein. Thus, SUM-52PE cells synthesize a 
membrane bound form of NDF/HRG that may activate erbB-2 and erbB-3 via a 
juxtacrine mechanism. The addition of exogenous beta- 2 -NDF/HRG to the 
culture medium of SUM-52PE cells yields enhanced tyrosine phosphorylation 
of pl85erbB-2/erbB-3 but has only a small stimulatory effect on the 
proliferation of these cells. By contrast, an erbB-2 monoclonal antibody 
that binds to the extracellular domain of erbB-2 is potently mitogenic for 
these cells. SUM-52PE cells were also found, by phosphotyrosine Western 
blot analysis, to express an inordinately large number of tyrosine 
phosphoproteins . Direct measurement of phosphotyrosine phosphatase (PTPase) 
activity in SUM-52PE cell membrane protein revealed 2-3-fold lower levels 
of PTPase activity compared to other normal and neoplastic breast 
epithelial cell lines. Thus, SUM-52PE cells exhibit altered growth 
phenotypes not identified previously in human breast cancer cells. The 
constitutive activation of erbB-2 and erbB-3 in these cells, coupled with 
their low, membrane-associated, PTPase activity are likely to play direct 
roles in driving proliferation of these breast cancer cells. 
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C-erbB2 pl85 is a proto- oncogene product expressed in 25-30% of human 
invasive breast cancers that is associated with poor prognosis and 
resistance to endocrine therapy and chemotherapy. It is minimally expressed 
in normal adult tissues (M , F, Press et al., Oncogene, 5: 953-962, 1990). 
For this reason, it is an attractive target for radioimmunotherapy and 
other antibody-directed therapies. ICR12 is a rat IgG2a monoclonal antibody 
directed against a protein epitope of the external domain of the c-erbB2 
pl85. We performed experiments to optimize the direct iodination of ICR12 
with 1311 using the IodoGen method, and we found impairment of 
immunoreactive fraction with increasing specific activity. N-Succinimidyl 
4-methyl-3- (tri-n-butylstannyl) benzoate (MATE) is a tin ester that can be 
radioiodinated easily and then coupled to the epsilon-amino group of lysine 
residues. This method has been shown to have improved uptake in tumors 
compared with antibody labeled by direct iodination (P. K. Garg et al., 
Nucl. Med. Biol., 20: 379-387, 1993). ICR12 could be labeled up to 16 
mCi/mg by this technique without loss of immunoreactive fraction. 
Whole-body retention of MATE- labeled ICR12 was less than IodoGen (P < 
0.0001). Radioimmunotherapy experiments in athymic mice bearing established 
MDA MB 361 human breast cancer xenografts showed growth inhibition for > 24 
days at a dose of 600 microCi/mouse (P < 0.0001) when labeled by the 
IodoGen technique, and 12 days using the MATE method (P < 0.0001). 
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To recover peptides that antigenically and immunogenically mimic the 
pl85HER2 oncoprotein, we selected the phage-peptide libraries pVIII-9aa and 
pVIII-9aa. Cys using murine monoclonal antibodies (mAb) MGr2 and MGr6 , 
directed against two distinct epitopes of the pl85HER2 extracellular 
domain. Phage-displayed peptides containing consensus amino acid motifs 
were recovered and shown to compete specifically for mAb binding on tumor 
cells that overexpress pl85HER2. The deduced amino acid sequence of the 
peptides suggests that both epitopes defined by the mAb on pl85HER2 are 
discontinuous and that hydrophobic interactions are involved in binding 
with the mAb. A phage clone displaying the GPLDSLFAQ peptide elicited a 
specific immune response against the pl85HER2 in BALB/c mice, demonstrating 
that this phage-displayed peptide represents an immunological equivalent of 
the MGr2 epitope on pl85HER2 and might be used as a substitute for this 
oncoprotein in in vitro and in vivo immunological studies. 
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In Paget 1 s disease of the breast, the epidermis contains large clear 
neoplastic cells. To explain the pathogenesis of this disease, the 
immunohistochemical characteristics of these cells were investigated in 25 
patients. The cytoplasmic presence of low molecular weight cytokeratin and 
the absence of high molecular weight cytokeratin in all cases confirmed the 
glandular origin of the Paget cells. Membrane over-expression of the"' 
neu-protein was established in 96% of cases. It was hypothesized that 
epidermal keratinocytes release a chemotactic factor which attracts 
neu- over -expressing breast carcinoma cells by chemotaxis into the 
epidermis. The biological assays showed that normal keratinocytes release 
one or more chemotactic factor (s) into their conditioned medium, which 
induced spreading and motility of neu -over -expressing SK-BR-3 human breast 
cancer cells. The conditioned medium of keratinocytes also attracted the 
SK-BR-3 cells by chemotaxis in a modified Boyden chamber. Furthermore, 
MCF-7 human breast cancer cells, which do not over-express the neu-protein, 
were not attracted by chemotaxis of conditioned medium of human 
keratinocytes. The involvement of the neu-protein in spreading, motility 
and chemotaxis is further indicated by the inhibition of these processes by 
monoclonal antibodies against the extracellular domain of the neu-protein. 
We conclude, therefore, that the Paget cells spread through the epidermis 
due to the motility induced by a chemotactic factor, which is released by 
epidermal keratinocytes and whose influence is mediated by the neu-protein. 
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The enzyme carboxypeptidase G2 (CPG2) was conjugated to the rat IgG2a 
monoclonal antibody (mAb) ICR12, which recognizes the external domain of 
the human c-erbB2 protooncogene product. The conjugate retained 
antigen-binding and enzyme activity. Radiolabeled conjugate localized 
efficiently and stably to MDA MB 361 breast carcinoma xenografts, which 
overexpress the c-erbB2 gene product pl85. Radiotracer determinations and 
plasma enzyme activity studies in nu/nu mice gave conjugate blood clearance 
rate half -lives of approximately 4 days. In separate antibody-directed 
enzyme prodrug therapy regimes, one dose of the 

4- [ (2-chloroethyl) (2-mesyloxyethyl) amino] benzoyl -L-glut ami c acid prodrug 
was administered to nu/nu mice bearing established MDA MB 361 tumors (mean 
volume, 170-260 mm3) . In mice which had received ICR12-CPG2 12-14 days 



previously, sustained dose -dependent tumor stasis or regressions were 
effected, which in some cases persisted throughout observation periods of 
up to 90 days. In control mice which had received the isotype-matched 
irrelevant mAb ICR16-CPG2 conjugate, tumors grew progressively, as did 
those in mice treated with prodrug alone, or treated simultaneously with 
ICR12-CPG2 and prodrug at the maximum tolerated dose. Control chemotherapy 
with conventional drugs proved toxic and induced only minimal growth 
delays . 



9/7/7 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 1997 Knight-Ridder Info. All rts. reserv. 

08020631 94186530 

Elevated serum levels of a c-erbB-2 oncogene product in ovarian cancer 

patients and in pregnancy. 

Meden H; Marx D; Fattahi A; Rath W; Kron M; Wuttke W; Schauer A; Kuhn W 
Department of Obstetrics and Gynecology, University of Gottingen, 

Germany. 

J Cancer Res Clin Oncol (GERMANY) 1994, 120 (6) p378-81, ISSN 
0171-5216 Journal Code: HL5 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

Amplification of the proto-oncogene c-erbB-2 (HER-2/neu) has been shown 
to be a prognostic marker in ovarian cancer. In order to obtain further 
information on the biological role of the c-erbB-2 gene product pl85 it is 
necessary to quantify expression levels. In this study we evaluated an 
enzyme-linked immunosorbent assay (ELISA) for the extracellular domain of 
pl85 to determine whether a soluble oncoprotein fragment can be detected in 
the serum of ovarian cancer patients and in the serum of pregnant women. 
Sera from 199 women (57 previously untreated ovarian cancer patients, 62 
pregnant women and 80 healthy controls) were assayed in a sandwich ELISA 
utilizing two mouse monoclonal antibodies. To study c-erbB-2 overexpression 
in ovarian cancer tissue samples we have used an immunohistochemical 
technique involving a monoclonal antibody specifically reactive with the 
external domain of the protein pl85 . The mean serum value for the normal 
controls was 1203 HNU/ml with a standard deviation (SD) of 279 HNU/ml and a 
range of 595-1947 HNU/ml. We chose a level of 1761 HNU/ml (2 SD above the 
mean) as a cut-off to distinguish individuals with elevated levels. The 
ovarian cancer patients 1 serum values ranged from 526 to 16,332 HNU/ml. 
Immunohistochemically detectable pl85 was noted in 8 of 57 ovarian cancer 
patients. The oncoprotein fragment levels in the sera from these 8 patients 
ranged from 878 to 16,332 HNU/ml. Of 8 patients with pl85 overexpression in 
their tumors, 4 had elevated serum levels. In the sera from the 49 cancer 
patients without overexpression the values were distributed in the range 
526-2892 HNU/ml. There was no association between serum oncoprotein 
fragment levels and tumor stage, histological type or grading. Serum 
concentrations of the pl85 fragment in pregnancy ranged from 612 to 3265 
HNU/ml. The highest levels were found in the third trimester. The results 
of the present study raise the possibility that the soluble c-erbB-2 
protein level in serum is an indicator for cell proliferation and therefore 
deserves further evaluation as a diagnostic tool in ovarian cancer patients 
and pregnancy. 
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The c-erbB-2 gene encodes a M(r) 185,000 tyrosine kinase receptor (pl85) 
with extensive homology to the epidermal growth factor receptor. We have 
conducted mechanistic studies with several anti-pl85 monoclonal antibodies 
(TAb 250, -255, -257, -260, and -263) directed against the extracellular 
domain of pl85 utilizing the SKBR-3, BT-474, and SKOV-3 cancer cell lines. 
Several of these antibodies exhibited ligand-mimicking properties: they 
induced tyrosine phosphorylation of pl85; increased the catalytic activity 
of the receptor substrate phospholipase C-gamma 1; exhibited time- and 
pH-dependent internalization; induced receptor down- regulation; and 
increased the turnover of the pl85 protein delta 3 -fold. However, there was 
not a universal correlation between the antibody -mediated ligand-like 
effects and growth inhibition. TAb 250 inhibited BT-474 cells but did not 
alter pl85 phospho tyrosine content or increase receptor turnover in these 
cells. TAb 260 increased pl85 protein turnover but did not affect 
proliferation of the SKOV-3 cell line. Furthermore, blockade of TAb 
250-induced receptor phosphorylation with the tyrosine kinase inhibitor 
tyrphostin 50864-2 did not abrogate TAb 250 -mediated growth inhibition of 
SKBR-3 cells. These data suggest that ligand-like effects mediated by pl85 
antibodies are not critical for the growth inhibition of 
c-erbB-2-overexpressing carcinoma cells. 
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BACKGROUND. Although expression of the HER-2/neu oncogene may be of some 
prognostic importance in advanced ovarian cancer, its role in early- stage 
disease has not been established. The current study examined the prevalence 
and significance of HER-2/neu expression in early epithelial ovarian 
cancer. METHODS. The authors analyzed the expression of HER-2/neu on frozen 
tumor specimens from 40 patients with early epithelial ovarian cancer using 
the indirect immunoperoxidase technique with monoclonal antibodies that 
detect epitopes on the extracellular domain of the HER-2/neu protein. All 
patients underwent comprehensive surgical staging. HER-2/neu expression was 
graded as negative, weak, moderate (1+ to 2+) , or strong (3+) . Complete 



clinical data and long-term follow up were available for all patients. 
RESULTS. The distribution of patients by stage was as follows: Stage IA, 6; 
IB, 0; IC f 14; IIA, 4; IIB, 6; IIC, 10. The mean patient age was 53 years. 
Fourteen patients had serous tumors; nine, endometrioid; eight, clear cell; 
eight, mucinous; and one, undifferentiated. Intratumoral heterogeneity of 
HER-2/neu expression was observed with most specimens. In eight specimens 
(20%) , some areas of the tumor showed strong (3+) expression, beyond the 
level that can be seen in normal ovarian epithelium. Twenty- eight specimens 
(70%) showed moderate (1+ to 2+) staining, whereas four specimens (10%) 
showed negative or weak staining. At a mean follow-up time among surviving 
patients of 32 months, 15 patients (37%) have had cancer recurrence. No 
statistically significant relationship was found between HER-2/neu 
expression and survival, disease-free survival, stage, or grade. A 
significant increase was found in 3+ expression of HER-2/neu in clear cell 
tumors. CONCLUSION. Consistent HER-2/neu overexpression occurs infrequently 
in early ovarian cancer, making it unlikely that such overexpression is a 
general early event in ovarian carcinogenesis. HER-2/neu expression does 
not appear to be a strong prognostic marker in early epithelial ovarian 
cancer. 
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The product of the c-erbB-2 protooncogene (pl85) is a member of the EGF 
receptor family of transmembrane tyrosine kinases. Amplification of this 
gene and overexpression of the product has been observed in adenocarcinomas 
and has been correlated with poor prognosis in patients with breast and 
ovarian cancer. The very low levels of expression of pl85 by normal adult 
tissues makes the receptor an almost tumor-specific target. We have 
prepared rat monoclonal antibodies against five distinct epitopes on the 
external domain of the c-erbB-2 product overexpressed by the breast cancer 
line BT474. The antibodies bind to the protein core of pl85 and stain 
specifically the membranes in frozen sections of tumors overexpressing the 
c-erbB-2 product. Three of the antibodies, ICR12 (epitope A), ICR54, and 
ICR55 (epitope E) , also stain the cell membrane in formalin- fixed, 
paraffin-embedded sections and bind to pl85 in Western blots. An 
investigation of the stability of the antigen-antibody complexes indicates 
that the majority are not readily internalized by SK0V3 cells growing in 
vitro. Antibodies ICR12 (IgG2a) and ICR55 (IgG2a) , which are directed 
against separate epitopes on the c-erbB-2 pl85, are both of high affinity 
and immunoreactivity (> 75%) and localize specifically and stably to 
xenografted breast and ovarian carcinomas growing in athymic mice when 
labeled with 1251 (up to 13% injected dose/g, ICR12 and ICR55) or a range 
of other radionuclides (up to 20% id/g, ICR12) . We conclude that these 
antibodies may be useful as therapeutic vehicles for targeting 
radionuclides (imaging and therapy) or enzymes for activating prodrugs 
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Over-expression of the c-erbB-2 (HER-2/neu) gene product pl85 occurs in 
30% of breast and ovarian cancers. The pl85 protein might serve as a target 
for serotherapy in that antibodies against different epitopes on the 
extracellular domain of pl85 can inhibit growth of tumor cells in the 
absence of cellular or humoral effector mechanisms. To define epitopes of 
functional relevance, 11 monoclonal antibodies (MAbs) were evaluated for 
their ability to bind to the extracellular domain of pl85. Results of 
competition studies with 1251-labeled and non-labeled antibodies indicated 
that 10 of 11 epitopes were grouped in a linear array. Antibodies against 7 
epitopes inhibited anchorage -independent growth and antibodies against 2 of 
these epitopes also inhibited anchorage -dependent growth of SKBr3 
breast-cancer cells that over- expressed pl85. Treatment with antibodies 
exerted cytotoxic rather than cytostatic effects. When antibodies were used 
in combination, additive or supra -additive inhibition of 
anchorage -independent and anchorage -dependent growth was observed between 
pairs of antibodies. Growth inhibition did not relate to the affinity of 
the antibody or its isotype. Two antibodies that inhibited both 
anchorage -dependent and anchorage -independent growth also blocked binding 
of the HER-2/neu ligand, whereas 5 antibodies that inhibited # only 
anchorage -independent growth had no effect on ligand binding. Inhibition of 
cell growth did not correlate with internalization of pl85 or 
down- regulation of pl85 on the cell surface. Fab fragments of active 
antibodies could also inhibit anchorage -independent growth of SKBr3 . Thus, 
murine MAbs and their fragments recognized both immunochemically distinct 
and functionally distinct epitopes on the pl85 molecule. Whereas inhibition 
of anchorage -dependent growth correlated with the ability of antibodies to 
block ligand binding, inhibition of anchorage -independent growth did not 
correlate with effects on ligand binding, internalization, cell-surface 
expression or cross-linking of pl85. 
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To investigate critical factors influencing the localization and 
antitumor effects of monoclonal antibodies (MAb) or toxic conjugates, we 
have adapted a single rat sarcoma, HSN, for preferential growth in the 
lungs, liver, and lymph nodes (the major sites of metastasis in humans) and 
have raised a panel of syngeneic rat MAbs to a stably-expressed cell 
surface antigen. Using this model we have shown that localization in tumors 
is significantly influenced by their anatomical location and 
vascularization, and the degree of MAb interaction with host cells. Uptake 
in small hepatic tumors was excellent, but access to lung tumors was 
limited by the poor permeability of pulmonary vessels. HSN cells 
transfected with th human IL-2 gene and coinjected in low numbers with 
parental tumors secreted sufficient cytokine to enhance the local 
permeability of vessels and doubled MAb localization in tumors without any 
systemic toxicity, suggesting that regional delivery of IL-2 may be used to 
enhance MAb localization in this situation. In order to extent the 
applicability of the model to studies of MAbs raised against human tumor 
targets, we have transfected the human c-erb B-2 gene (homolog of the rat 
neu) into the highly metastatic HSN.LV subline. MAbs raised against the 
external domain of the pl85 product can now be screened for their ability 
to localize in metastases, and for various conjugates to inhibit tumor 
growth either independently of, or in association with, a fully functional 
immune system. 
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A molecule that is immunologically related to the c-erbB-2 oncogene 
product (pl85HER2/neu) was detected in the conditioned culture medium from 
neu -overexpres sing tumor cell lines and in sera of advanced- stage breast 
carcinoma patients. Using a sensitive (in the range of 0.5 ng ml-1) 
double -determinant radioimmunoassay (DDIRMA) with two monoclonal antibodies 
(MAbs) directed against the neu extracellular domain (ECD) , soluble 
oncoproteins were detected in supernatants from several neu-positive tumor 
cell lines, independent of the levels of membrane pl85HER2 expression. The 
molecule detected did not react with a MAb directed against an 
intracytoplasmic epitope of the pl85HER2. Western blot analysis of the 
concentrated supernatant revealed a protein of approximately 110 kDa 
molecular mass, which closely matches the predicted size of the 
glycosylated pl85HER2 ECD. Immunoprecipitation of culture supernatant from 
cell surface-radioiodinated cells confirmed the 110 JcDa molecular mass of 
the glycosylated shed protein, which migrated to 86 kDa after 



deglycosylation. Proteolytic cleavage of the pl85HER2 molecule was 
demonstrated in release assays carried out with protease inhibitors. The 
combined use of leupeptin and EDTA completely inhibited release of the 
molecule. Analysis of sera from breast carcinoma patients and healthy 
donors by DDIRMA revealed the presence of soluble neu in 15% of pathologic 
sera but none of the normal sera. A good correlation was found between 
neu-overexpression in the primary tumor and the soluble marker in serum of 
patients with advanced disease; sera of early- stage patients were always 
negative, independent of neu-overexpression in the tumor. These results 
suggest the usefulness of soluble neu as an indicator of tumor 
aggressiveness but not as a diagnostic marker of breast cancer. 
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Bispecific monoclonal antibodies (BsmAb) with specificity for tumor Ag 
and effector cell trigger molecules have been shown to redirect the 
cytotoxicity of several peripheral blood mononuclear cell populations 
against relevant tumor. The BsmAb, 2B1, binds to the extracellular domain 
of the c-erbB-2 gene product of the HER2 /neu proto- oncogene and to CD16. In 
this report, the binding and cytotoxic characteristics of 2B1 are 
presented. Maximal saturation binding of 2B1 to PBL and c-erbB-2 expressing 
SK-OV-3 cells occurred in the 1 microgram/ml concentration range. However, 
substantial lysis potentiation was observed at 1000 -fold lower BsmAb 
concentrations. Optimal tumor lysis was obtained when the BsmAb, PBL, and 
target cells were continuously coincubated. When PBL were franked with 2B1, 
washed, and added to labeled targets, substantially less lysis was 
observed. These results suggest that the best way to therapeutically 
exploit the cytotoxic attributes of 2B1 may be to obtain continuous BsmAb 
exposure to tumor. Approaches based on franking of this BsmAb to PBL may 
not be warranted. 
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dimerization of receptor molecules and that bivalency of the activating 
antibody is mandatory for induction of internalization and phosphorylation 
of the receptor. Our data support an allosteric model of activation for the 
pl85HER2 receptor. 
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New strategies are required to clinically exploit the ability of 
monoclonal antibodies to target tumor for lysis by cellular effector 
mechanisms. In this report we examine the therapeutic effects of 2B1, a 
bispecific monoclonal antibody with specificity for the extracellular 
domain of the c-erbB-2 oncogene product and the human Fc gamma receptor, Fc 
gamma RIII (CD16) , describe the characteristics and limitations of this 
model, and examine the mechanisms underlying the observed responses. The 
model uses SK-OV-3 human ovarian carcinoma xenografts in scid mice. These 
cells are susceptible to 2Bl-directed lysis by human peripheral blood 
lymphocytes or lymphokine-activated killer cells, and maintain c-erbB-2 
expression in vivo. 125 I -labeled 2B1 selectively accumulates in tumor, with 
a peak of 10.5% injected dose/g of tumor 24 h following its i.v. injection. 
However, the selectivity of this binding is lessened by 2B1 accumulation in 
the lungs and other normal organs and persistence in the blood. This is 
caused by antibody binding to murine lung, colon, stomach, and skin 
expressing the epitope recognized by the anti-c-erbB-2 component of 2B1 in 
tumor-bearing, but not normal mice. In treatment studies using various 
permutations of antibody, human peripheral blood lymphocytes or 
lymphokine-activated killer cells and interleukin 2, cellular therapy alone 
had minimal effects on SK-OV-3 xenograft growth, but significantly improved 
when 2B1 treatment was incorporated. Median survivals increased from 80 +/- 
3.5 days with no therapy to 131 +/- 7.3 days following therapy with 100 
micrograms 2B1, interleukin 2, and human peripheral blood lymphocytes, with 
70% of animals exhibiting no evidence of tumor at day 150. These effects 
were preserved when the cells were administered in human serum. In 
contrast, human serum abolished the antitumor effects of 520C9, which is 
the parent anti-c-erbB-2 antibody of 2B1. Thus 2Bl-based therapy has 
therapeutic effects, without obvious toxicity, despite the targeting of 
this antibody to normal murine tissues. Since combinations of 2B1 and 
interleukin 2 may have antitumor properties, mechanisms other than 
bispecific monoclonal antibody-promoted conjugation of c-erbB-2 
antigen-expressing tumor to CD16- expressing effector cells may be involved. 
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BACKGROUND. As in the case of other epithelial neoplasms, most ovarian 
cancers arise from single clones of cells that have undergone multiple 
genetic alterations. A comparison of normal and malignant ovarian 
epithelium has identified several differences in growth regulation by 
peptide growth factors, protooncogenes , and tumor suppressor genes. 
METHODS. Recent articles and abstracts have been reviewed. RESULTS. The 
malignant ovarian epithelial phenotype has been associated with (1) 
autocrine growth stimulation by transforming growth factor-alpha, (2) loss 
of autocrine growth inhibition by transforming growth factor-beta, (3) 
mutation or amplification of ras in 2-12% of cases, (4) amplification of 
myc in 23% of specimens, (5) expression of fms in 56% of cases with 
potential autocrine stimulation by macrophage colony stimulating factor, 
(6) paracrine stimulation by macrophage products including interleukin-1, 
interleukin-6 and tumor necrosis factor, (7) overexpression of c-erbB-2 
(HER-2/neu) in 30% of cases, and (8) mutation with consequent 
overexpression of p53 in 50% of advanced ovarian cancers. A poor clinical 
prognosis is associated with expression or overexpression of the epidermal 
growth factor receptor, fms, and HER-2/neu. Antibodies against the 
extracellular domain of the HER-2/neu gene product pl85 inhibit the growth 
of tumor cells that overexpress HER-2/neu and are associated with marked 
decreases in diacylglycerol levels. The intracellular kinase domain is 
required for growth inhibition. Antibodies that inhibit growth stimulate 
phosphorylation of intracellular substrates. Ricin A chain monoclonal 
antibody conjugates that react with pl85 also inhibit the growth of tumor 
cells that overexpress pl85. The intracellular kinase region is not 
required for immunotoxin-mediated killing. Coexpression of HER-2/neu and 
the epidermal growth factor receptor has been observed in 65% of epithelial 
ovarian cancers and in a limited number of normal tissue from a- fraction of 
donors. CONCLUSIONS: Multiple alterations in growth factors, protooncogenes 
and growth factors have been detected in different epithelial ovarian 
cancers. Inappropriate signalling from receptor tyrosine kinases may be 
particularly important for ovarian oncogenesis. Drugs that affect tyrosine 
kinase and phosphatase activity deserve attention as potential therapeutic 
agents for ovarian cancer. The extracellular domains of the HER-2/neu gene 
product pl85 and the epidermal growth factor receptor may provide useful 
targets for serotherapy. (55 Refs.) 
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The oncogene HER-2/neu encodes a transmembrane glycoprotein of 185 kDa 
(gpl85HER-2) with tyrosine-kinase activity. Gene amplification and high 
levels of expression of gpl85HER-2 have been found to correlate with poor 
clinical outcome in breast and ovarian carcinomas. Employing a somatic cell 
hybrid fusion protocol, which yields a high frequency production of 
hybridomas, we have analyzed the extent of the murine immune response to 
the gp 185 extracellular domain. In a single fusion experiment, using as 
immunogen NIH 3T3 cells expressing high levels of a transfected human HER- 2 
gene, we have generated mAbs, mainly of IgGl isotype, displaying high 
affinity (10 (7) -10 (10) mol/L) to gp 185. Analysis of the epitope 
specificity has allowed the identification of five distinct groups of 
spatially related epitopes, each provided with different immunodomi nancy, 
and all resistant to formalin fixation. The use of inhibitor of N-linked 
glycosylation tunicamicyn has demonstrated that the mAbs bind to epitopes 
localized in the protein core of gpl85HER-2. Because recent reports have 
shown that gpl85HER-2 has a restricted expression in normal tissues and is 
homogenously detectable in metastatic foci of gp 185 + primary tumors, 
antibodies to this macromolecule, in addition to their prognostic value, 
may represent reagents for in vitro and in vivo diagnostic applications, as 
well as for the development of therapeutic strategies. 
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In order to obtain further information on the biological role of the 
HER2/neu oncoprotein, 7 new monoclonal antibodies (MAbs) were produced 
against the pl85HER2 extracellular domain. These MAbs, together with two 
others previously produced, were used to investigate the pl85HER2 
expression in breast carcinomas and compare the recognized antigenic 
determinants. The 7 reagents (MGR4, 5,6,7,8,9 and 10), were shown to define 
five distinct epitopes. Three of these MAbs (MGR5,7,10), as .well as one 
previously produced (MGR2) , recognize the same epitope (Epitope-1) which 
seems, therefore, to be highly immunogenic for the murine immune system. 
Epitope-2 recognized by the MGR4 MAb, appears to be closely related to 
epitope-1 due to a cross inhibition between MGR4 and MGR10, but not MGR2 . 
Epitope-2 is the only one of the 5 also present on the product of the neu 
oncogene, the rat analogue of the human HER2 / neu gene. None of the reagents 
against epitope-1 and epitope-2 were found to mediate receptor 
internalization, whereas MGR6 as well as a previously produced MAb (MGR3) , 
both of which define epitope- 3 and MGR8 which defines epitope-4, were found 



to do so. Epitope-4 like the neu- specific peptide recognized by the 
reference c-neu Ab3 MAb, was detectable on all pl85HER2 positive breast 
cancer, independently from the quantitative content of the oncoprotein, at 
variance with the other 4 epitopes whose availability on pl85HER2 for the 
relevant MAbs varied with the degree of overexpression. Epitope- 5, 
recognized by the MGR9 MAb, on the contrary to the other epitopes, was 
prevalently localized at the basal membrane level of the tumor nodule. 
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The over- expression of the proto-oncogene HER- 2 (c-erbB-2/neu) in 
ovarian, endometrial and mammary carcinoma is an important indicator for 
poor prognosis. We have previously shown in 3 out of 4 ovarian carcinoma 
cell lines an interf eron-gamma (IFN-gamma) -mediated reduction in HER -2 
specific protein and RNA levels. The oncogene expression was lowered only 
in the ovarian carcinoma cell lines but not in 3 IFN-gamma- sensitive human 
breast cancer cell lines. We extended our observations also to IFN type I, 
alpha and omega. The expression of the oncogene was measured by both the 
pl85HER-2 ELISA and in selected cases by a living cell radioimmunoassay 
using the monoclonal antibody (MAb) 4D5 against the extracellular domain. 
Both IFN types reduced the expression of HER- 2 in the ovarian carcinoma 
cell lines OVCAR-3, HTB-77, 2774 and SKOV-6, and in the SKUT-2 endometrial 
carcinoma cells. In contrast, SKOV-8 human ovarian carcinoma cells were 
sensitive for both IFN types regarding proliferation, but only IFN-gamma 
reduced proto-oncogene expression. In the SKBR-3 human mammary carcinoma 
cells, neither IFN type had an effect on HER -2 expression. The antibodies 
4D5, 7C2, 3E8, and 3H4 which bind to the extracellular domain of pl85HER-2 
protein specifically inhibited anchorage -independent growth of SKBR-3 and 
HTB-77 cells. Expression of the oncogene HER- 2 is the leading prognostic 
factor in ovarian cancer. Its modulation might represent a mechanism by 
which IFNs inhibit cell proliferation. 
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Monoclonal antibodies to the extracellular domain of the c-erbB-2 
oncoprotein (pl85) react with routinely processed, paraffin- embedded human 
tissues, and positive staining with these reagents has been shown to 
correlate with gene overexpression. To determine whether such antibodies 
would add prognostic data to the analysis of a pre-defined subset of 
transitional cell carcinoma (TCC) of the bladder, we studied 20 high-grade 
(Grade 3) TCCs from patients known to have limited disease (Jewett- Strong 
stages Bl, B2, and C) and for whom at least 3-yr clinical follow-up was 
available. Data procured from this immunohistochemical analysis were 
compared with tumoral DNA content (determined by flow cytometry) and 
conventional clinicopathologic features. Overall, 13 of 20 TCC (65%) were 
reactive for pl85-erbB-2. However, there was no apparent relationship 
between pl85 -reactivity and either DNA content, tumor stage or clinical 
outcome. These results suggest that c-erbB-2 expression may be augmented in 
localized high-grade TCC but that there is no evidence for the contention 
that this phenomenon has any effect on the biologic behavior of these 
neoplasms. The only factor that predicted a more favorable outcome was a 
relatively low stage at the time of diagnosis. 
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The erbB-2 (HER-2, neu) protooncogene is overexpressed on the surface of 
about 25% of human breast cancers. It is homologous to epidermal growth 
factor receptor and a putative growth factor receptor. Overexpression in 
breast, ovarian and gastric cancers is associated with a worse prognosis. 
We have recently discovered two ligands for this receptor. They both induce 
receptor phosphorylation. At low concentrations both induce clonogenic 
growth of overexpressing cells; at higher concentrations both are growth 
inhibitory. Both can overcome the inhibitory effects of both monoclonal 
antibodies directed against the ligand binding site and soluble 
extracellular domain. These ligands may form an attractive basis for 
antitumor therapy. (23 Refs.) 
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Human endometrial adenocarcinoma cells (Ishikawa line) constitutively 
express c-erbB2 coded oncoprotein pl85erbB2 (pl85) which is believed to be 
an orphan receptor for an unknown growth factor. Since we have shown that 
expression of pl85 in primary lesions of endometrial cancer correlates well 
with high frequency of lymph node++ metastases and that the metastatic 
cells in the nodes strongly expressed pl85, the role of the oncoprotein in 
processes of metastases was studied. Culturing the cells in the presence of 
15% FCS and with monoclonal antibody to the extracellular domain of pl85 
(CB-l) inhibited cell growth and attenuated pl85 expression on Western 
blotting, whereas no change occurred with the control antibody. Cells 
cultured without FCS achieved only approximately 1/3 growth compared to 
cells with FCS, and further suppression of growth was observed after adding 
CB-l. When cells were cultured on human term amnion, basement membrane 
invasion with pl85 expression was observed. In nude mice, intraperitoneal 
seeding resulted in implant formation which was also associated with 
positive pl85 as well as cyclin immunohistochemistry . In the two 
experiments, treatment of cells with CB-l inhibited invasion or implant 
formation. The present study suggests that a signal through pl85 receptor 
molecules acts as a trigger for early proliferation, and interaction with 
the host may enhance up-regulation of pl85. 
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While the activation of the proto- oncogenes has been implicated in the 
development and progression of cancer of many tissues, the role of 
oncogenes in the development of oesophageal adenocarcinoma has not been 
defined. Fifteen patients who had undergone resection for oesophageal 
adenocarcinoma and 15 who had . undergone ©esophagectomy or biopsy for 
Barrett's oesophagus were studied. The latter patients also had adjacent 
normal gastric mucosa biopsied for comparison with the metaplastic 
oesophageal mucosa. The mucosal samples were snap frozen and subsequently 
stained with monoclonal antibodies to the following oncogene associated 
proteins; c-erbB2 (neu and CE-1) (external domain) , c-erbB2 (NCL-CBll) 
(internal domain), c-src, c-ras, c-myc, c-fos, c-jun, and the 
onco- suppressor gene--p53. All tumours were well or moderately 
differentiated adenocarcinomas arising from the lower third of the 
oesophagus. Eleven specimens showed strong membraneous staining with both 
c-erbB2 (neu) and c-erbB2 (CBL-CB11) . Seven specimens showed strong nuclear 
staining with p53 onco- suppressor gene. Three specimens were positive for 
c-ras and c-src, and two were positive for c-jun. In Barrett ! s epithelium, 
nine specimens were positive for c-erbB2 (neu and CB11) , three were 
positive for c-src, two were positive for c-ras and c-jun, and one was 
positive for c-fos. Two of the gastric mucosal biopsy specimens expressed 



c-erbB2 weakly but no other oncogenes were found. The frequency of positive 
staining for c-erbB2 is very high, compared with the expression of these 
genes in other tumours. (ABSTRACT TRUNCATED AT 250 WORDS) 
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High levels of expression of either the epidermal growth factor receptor 
or the receptor-like HER2/neu gene product pl85HER2 have been observed in a 
variety of human malignancies. Because of the association of this high 
level expression with certain human tumors, we have generated a panel of 
monoclonal antibodies specific for either the epidermal growth factor 
receptor or pl85HER2 to study their structure, function, and antigenic 
domains in the normal and neoplastic states. We used the epidermoid 
carcinoma line A431 to generate five monoclonal antibodies which 
immunoprecipitate the epidermal growth factor receptor. These monoclonal 
antibodies bind to the extracellular domain of the epidermal growth factor 
receptor and demonstrate variable effects on epidermal growth factor 
binding. We used a stably transfected NIH 3T3 cell line expressing the 
HER2/neu gene to produce and characterize 10 monoclonal antibodies which 
immunoprecipitate pl85HER2. These monoclonal antibodies bind to the 
extracellular domain of pl85HER2 and do not cross -react with the epidermal 
growth factor receptor. The characteristics and potential applications of 
these monoclonal antibodies will be discussed. 
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A murine monoclonal antibody, TA1, is directed against an epitope on the 
extracellular domain of the HER -2 /neu (c-erbB-2) gene product. Requirements 
for TAl-induced internalization of c-erbB-2 have been studied using the 
SKBr3 human breast cancer cell line and several rat fibroblast cell lines 



that express either wild-type or mutant human c-erbB-2. Internalization of 
TA1 was monitored by assaying protease-resistant uptake of 1251-labeled 
TAl, by electron microscopy of gold-labeled TAl , and by inhibition of 
clonogenic growth of cells incubated with TAl that had been conjugated with 
blocked ricin. Similar rates of internalization of TAl were observed in 
SKBr3 and in rat fibroblasts that expressed human c-erbB-2. The route of 
endocytosis was the same as that observed with antibodies against other 
membrane receptors. Anti-c-erbB-2 and anti- transferrin receptor 
cointernalized through clathrin-coated pits, coated vesicles, endosomes, 
and multivesicular bodies. Products of mutant c-erbB-2 that lacked a 
portion of the tyrosine kinase domain or that lacked most of the 
cytoplasmic domain were endocytosed in the presence of TAl as promptly as 
the wild-type c-erbB-2 product. Slightly more rapid internalization of TAl 
was observed in rat cells that expressed c-erbB-2 with a single point 
mutation in the transmembrane domain. Taken together, our data suggest that 
neither the intracytoplasmic domain nor receptor phosphorylation is 
required for antibody -mediated endocytosis of c-erbB-2. 



9/7/28 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 1997 Knight-Ridder Info. All rts. reserv. 

07018181 91317780 

pl85HER2 signal transduction in breast cancer cells. 

Scott GK; Dodson JM; Montgomery PA; Johnson RM; Sarup JC; Wong WL; 
Ullrich A; Shepard HM; Benz CC 

Cancer Research Institute, University of California, San Francisco 94143. 

J Biol Chem (UNITED STATES) Aug 5 1991, 266 (22) pl4300-5, ISSN 
0021-9258 Journal Code: HIV 

Contract/Grant No.: CA-44768, CA, NCI; CA-36773, CA, NCI 

Language s : ENGL I SH 

Document type: JOURNAL ARTICLE 

A partially agonistic monoclonal antibody, 4D5, known to bind to the 
extracellular domain of pl85HER2 and shown to inhibit long term growth of 
pl85HER2-overexpressing breast cancer cells, was used to study signal 
transduction and phosphotyrosyl protein substrates associated with this 
receptor. Normal breast epithelial cells and breast carcinoma cells 
expressing low levels of pl85HER2 were not affected by 4D5 . 
HER2/neu-overexpressing breast cancer cells (BT-474 and SK-Br-3) exposed to 
4D5 exhibited rapid phosphorylation of both pl85HER2 and an associated 
56-kDa phosphotyrosyl protein (ptyr56) . Paralleling the 4D5- stimulated 
phosphorylation of pl85HER2 and ptyr56 was a 5 -10 -fold induction of c-fos 
mRNA and phosphatidylinositol 4 -kinase activity and a 2- fold induction of 
inositol 1, 4, 5-trisphosphate 3' -kinase activity. The increased 
phosphatidylinositol 4 -kinase activity immunoprecipitated with pl85HER2 and 
also co-eluted with ptyr56 from an antiphosphotyrosine immunoaf f inity 
column. These results indicate that short term (less than 6 h) 4D5 
activation of pl85HER2 in overexpressing breast cancer cells produces 
agonistic-like signaling typical of homologous tyrosine kinase growth 
factor receptors such as epidermal growth factor receptor. The data also 
suggest that ptyr56 represents a novel phosphorylated substrate associated 
with 4D5 -stimulated pl85HER2 . 
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An antigen, immunologically related to the external domain of the 
c-erbB-2 (HER-2/neu) protein, was found shed into the serum of nude mice 
bearing tumors that overexpress the c-erbB-2 protein (gpl85) . Utilizing 
paired combinations from a panel of monoclonal antibodies (TAbs 250-265) , 
with specificity for extracellular epitopes of gpl85, an immunoradiometric 
assay was developed to quantitate this shed antigen. The immunoradiometric 
assay detected membrane -bound and soluble gpl85 as well as a soluble 
derivative corresponding in sequence to the extracellular domain of gpl85 
(designated gp75) . This recombinantly expressed gp75 was itnmunoaf f inity 
purified and used to generate a standard curve from which serum samples 
were quant itated. Increases in antigen levels measured in the sera of 
tumor-bearing nude mice correlated with both overexpression of the c-erbB-2 
protein and increased tumor volume. Positive sera were obtained from mice 
given implants of NIH3T3 cells transfected with c-erbB-2 complementary DNA 
(NIH3T3t) , or ovarian (SK-OV-3) or breast (MDA-MB-361) tumor cell lines 
overexpressing the c-erbB-2 protein. In mice bearing NIH3T3t tumors, 
increases in tumor volume from 80 to 9000 mm3 resulted in levels of shed 
antigen from 8 to greater than 1000 ng/ml gp75 equivalents. Sera from mice 
with c-erbB- 2 -negative tumors or tumors overexpressing the epidermal growth 
factor receptor were negative in the assay. This assay, and the 
quantitation of shed antigen levels, may have diagnostic or monitoring 
utility in cancers, such as breast and ovarian, in which the c-erbB-2 
protein is overexpressed. 
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In order to obtain further information on the biological role of the 
HER2 / neu oncoprotein monoclonal antibodies (MAbs) were produced against the 
pl85 extracellular domain. To immunize the mice and screen the hybridoma 
supernatants we selected a lung adenocarcinoma cell line (Calu-3) , which 
demonstrated an over- expression of pl85HER2 measured as the reactivity with 



polyclonal rabbit serum to the 14-amino-acid carboxy-terminal-HER2/neu, Two 
MAbs, designated MGR2 (IgGl) and MGR3 (IgG2) , selected for reactivity on 
Calu-3 and negativity on A43I live cells, the reference target cell for EGF 
receptor expression, were found to immunoprecipitate a 185 -kDa molecule. 
Immunodepletion experiments with the polyclonal antiserum and 
cross -competition experiments indicated that the 2 reagents recognized 2 
different epitopes located on the pl85HER2 molecule. One of the 2 MAbs, 
MGR3, was found to internalize, induce pl85HER2 phosphorylation and inhibit 
tumor cell growth in vitro. These results indicate that MGR3 is directed 
against a determinant located in the pl85HER2 ligand binding site and may 
compete with the pl85HER2 ligand, but is incapable of inducing a complete 
mitotic signal. 
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The human breast carcinoma cell line SK-BR-3, expresses the neu oncogene 
product, pl85, which is a receptor tyrosine kinase. Using a double 
monoclonal antibody capture enzyme-linked immunosorbent assay for pl85, 
activity was detected in conditioned media from cultures of SK-BR-3 cells. 
Two monoclonal antibodies specific for the extracellular domain of pl85/neu 
immunoprecipitated a protein with a molecular mass of approximately 105 
kDa. pl05 was further shown to compete with pl85 for binding to monoclonal 
antibodies and pulse- chase experiments indicate that it was generated by 
post-translational processing. Peptide maps showed that pl05 and pl85 are 
related polypeptides. Since pl05 is close to the predicted size for the 
extracellular domain of pl85/neu, we propose that SK-BR-3 cells 
specifically process and release this portion of the receptor into the 
medium. The release of the extracellular domain may have implications in 
oncogenesis and its detection could prove useful as a cancer diagnostic. 
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Expression of the c-erbB-2 gene product and the epidermal growth factor 



receptor (EGF-R) was investigated in 54 cases of human bladder cancer 
itranunohistologically and by Western blot analysis. For detection of the 
c-erbB-2 product, two specific antibodies, a rabbit polyclonal antibody 
directed to the intracellular domain and a murine monoclonal antibody 
recognizing an epitope in the extracellular domain, were used. Seventeen 
cases of bladder cancer were stained by the anti-c-erbB-2 polyclonal 
antibody, while 20 cases were stained by the monoclonal antibody, with good 
correlation on both stainings (p less than 0.01) . There were four c-erbB-2 
positive cases in 26 Gl tumors, four in 15 G2 tumors, and nine in 13 G3 
tumors. There were also eight erbB-2 positive cases in nine muscle- invasive 
tumors, nine of 45 superficial tumors, four of five with lymph node 
metastasis, and seven of 14 without metastasis, as revealed by staining 
with the polyclonal antibody. Thus, the c- erbB-2 gene product was more 
frequently expressed in high grade tumors (p less than 0.01), in high stage 
tumors (p less than 0.01), and nodal metastatic tumors (N.S. by Chi-square 
test) . Twenty-two of the 54 tumors were stained by an anti-EGF-R monoclonal 
antibody, 528 IgG. The expression of EGF-R was independent of histological 
grading, tumor stage, and nodal status, and no correlation was observed 
between expression of the c-erbB-2 product and EGF-R. The c-erbB-2 product 
may be applicable as a tumor marker for evaluation of malignant potential, 
invasiveness, and probably metastatic potential of human bladder cancer. 
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Overexpression of the erbB-2/neu gene is frequently detected in human 
cancers. When overexpressed in NIH 3T3 cells, the normal erbB-2 product, 
gpl85erbB-2, displays potent transforming ability as well as constitutively 
elevated levels of tyrosine kinase activity in the absence of exogenously 
added ligand. To investigate the basis for its chronic activation we sought 
evidence of a ligand for gpl85erbB-2 either in serum or produced by NIH 3T3 
cells in an autocrine manner. We demonstrate that a putative ligand for 
gpl85erbB-2 is not contained in serum. Chimeric molecules composed of the 
extracellular domain of gpl85erbB-2 and the intracellular portion of the 
epidermal growth factor receptor (EGFR) did not show any transforming 
ability or constitutive autophosphorylation when they were expressed in NIH 
3T3 cells. However, they were able to transduce a mitogenic signal when 
triggered by a monoclonal antibody directed against the extracellular 
domain of erbB-2. These results provide evidence against the idea that an 
erbB-2 ligand is produced by NIH 3T3 cells. Furthermore, we obtained direct 
evidence of the constitutive enzymative activity of gpl85erbB-2 by 
demonstrating that the erbB-2 kinase remained active in a chimeric 
configuration with the extracellular domain of the EGFR, in the absence of 
any detectable ligand for the EGFR. Thus, under conditions of 
overexpression, the normal gpl85erbB-2 is a constitutively active kinase 



able to transform NIH 3T3 cells in the absence of ligand. 
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The Mr 185,000 glycoprotein encoded by human c-erbB-2/neu/HER2 gene, 
termed c-erbB-2 gene product, shows a close structural similarity with 
epidermal growth factor receptor and is now regarded to be a growth factor 
receptor for an as yet unidentified ligand. Abundant c-erbB-2 mRNA was 
demonstrated by Northern blot studies in the human breast cancer cell line 
SK-BR-3. Cellular radiolabeling experiments followed by immunoprecipitation 
with three different anti-c-erbB-2 gene product antibodies, recognizing 
extracellular domain, kinase domain, and carboxyl- terminal portion, 
respectively, demonstrated the production of a large amount of c-erbB-2 
gene product which had the capacity to be phosphorylated. Immunization of 
mice with concentrated culture medium conditioned by SK-BR-3 cells always 
generated antibodies against c-erbB-2 gene product, demonstrating that this 
culture medium contained substance (s) immunologically indistinguishable 
from c-erbB-2 gene product. This observation was supported by the 
successful development of a 'monoclonal antibody against c-erbB-2 gene 
product, GFD-OA-pl85-l, by immunizing mice with this culture medium. The 
biochemical nature of the substance (s) present in the culture medium was 
further characterized. When the culture medium conditioned by 
[35S] cysteine-labeled SK-BR-3 cells was immunoprecipitated by three 
different anti-c-erbB-2 gene product antibodies, only the antibody 
recognizing extracellular domain precipitated the [35S] -labeled protein 
with a molecular weight of 110,000, namely pllO . The newly developed 
monoclonal antibody also immunoprecipitated this protein. (ABSTRACT 
TRUNCATED AT 250 WORDS) 
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The relationship between terminal cell differentiation and changes in the 



subcellular levels of the HER-2/neu antigen was investigated in cultured 
human breast cancer cells: AU-565 cells (which overexpress the HER-2/neu 
gene) and MCF-7 cells (which do not overexpress this gene) . Differentiation 
was achieved by treating the cells with mycophenolic acid (MPA) , phorbol 
12-myristate 13-acetate (PMA) , retinoic acid (RA) , or the TA-1 monoclonal 
antibody to the extracellular domain of the HER-2/neu protein. Ten to 
twenty percent of the cells in untreated, sparsely growing AU-565 cultures 
exhibited morphological maturation characterized by large lacy nuclei 
surrounded by sizable flat cytoplasms. A fraction of these cells harbored 
milk factors such as casein and large lipid droplets. Treatment of the 
AU-565 cells for 4 d with 9 microM MPA, 1.6 nM PMA, 2.5 microM RA, or 1 
microgram/mL TA-1 antibody resulted in cell growth inhibition and an 
increase in the percentage of cells (48-97%) that exhibit a mature 
phenotype. MCF-7 cells were also susceptible to differentiation by MPA and 
RA, but to a lesser degree than the AU-565 cells. Differentiation in the 
AU-565 and MCF-7 cells was associated with reduced immunostaining for the 
HER-2/neu protein at the cell surface membrane and with a transient 
increased diffuse immunostaining for this protein in the cytoplasm. 
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The HER2 /neu proto- oncogene encodes a receptor that belong to the 
tyrosine- specif ic protein kinase family. Amplification of the HER2 gene in 
patients with breast and ovarian cancer has been shown to predict poorer 
survival rates. In order to understand the role of HER2 in malignant and 
normal cells, it is necessary to devise assays that can quantitate 
expression levels of the HER2 gene product (pl85HER2) in production 
samples, biopsy specimens and biological fluids. We have developed a 
simple, quantitative ELISA that uses two monoclonal antibodies directed 
against the extracellular domain of the HER2 gene product, pl85HER2 (HER2 
ECD) . The assay has a detection range of 0.25-120 ng/ml, is precise and 
sensitive. The ability of this assay to detect biologically active rHER2 
ECD is demonstrated by its correlation to a growth inhibitory bioassay (r = 
0.92). The sandwich ELISA can also accurately quantitate rHER2 ECD in mouse 
and monkey serum. This assay should be useful for quantitating low levels 
of circulating rHER2 ECD in animals in which rHER2 ECD is being used as 
antigen for immunotherapy and in patients which 'shed' receptor. 
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Overexpression of HER- 2 /neu is associated with poor survival in advanced 



epithelial ovarian cancer. 
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Previous studies have suggested that overexpression of HER-2/neu oncogene 
occurs in 15-40% of breast cancers and that overexpression is associated 
with poor prognosis. In the present report, we have used an 
immunohistochemical technique involving a monoclonal antibody specifically 
reactive with the external domain of HER-2/neu to study expression of 
HER-2/neu in frozen sections of normal ovary and advanced epithelial 
ovarian cancer. The intensity of staining for HER-2neu was always moderate 
or less (0-2+) in normal ovarian epithelium. Among 73 ovarian cancers, 50 
(68%) had staining similar to that for normal ovarian epithelium (0-2+) 
while 23 (32%) stained heavily (3+) . Survival of the 23 patients with high 
HER-2/neu expression (median, 15.7 months) was significantly worse (P = 
0.001) than that of the 50 patients (median, 32.8 months) with normal 
HER-2/neu expression. In addition, patients whose tumors had high HER-2/neu 
expression were significantly less likely to have a complete response to 
primary therapy (P less than 0.05) or have a negative second-look 
laparotomy when serum CA 125 levels were normal preoperatively (P less than 
0.05). These findings suggest that HER-2/neu deserves further evaluation as 
a prognostic marker in epithelial ovarian cancer. 
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The human homolog of the rat neu oncogene, HER2 (also termed c-erbB2) has 
been demonstrated in amplified form in human breast tumors with poor 
prognosis. Although amplification of the gene correlates with expression of 
a 185-kDa transmembrane glycoprotein, no extensive information is available 
regarding the extent of tissue and tumor specificity of this gene product. 
We have addressed this issue by immunohistochemically evaluating the 
expression of pl85 HER2 in normal tissue and various tumors using 
monoclonal antibodies (MAbs) to distinct epitopes of its extracellular 
domain. No detectable levels of pl85 HER2 were found in fetal tissues 
analyzed, with the exception of renal tubules in 2 out of 3 specimens 
tested and in intestinal epithelium. In adult tissues, detectable levels of 
this glycoprotein were found in a restricted number of cell types, the 
expression being heterogeneous among individuals and cell histotypes. Among 
the neoplasms assayed pl85 HER2 was expressed in 46% of primary breast 



cancers, in 28% of ovarian tumors and in 30% of colon rectum malignancies. 
No male breast adenocarcinomas were pl85-positive . A large number of other 
tumors tested revealed only a low incidence of expression of the pl85. In 
metastatic breast tumors pl85 HER2 was demonstrated homogeneously among 
multiple autologous lesions and almost invariably (80%) the expression of 
pl85 in the primary lesion correlated with that of the deriving metastases. 
Our findings indicate that the expression of the pl85 HER2 represents a 
tumor marker of clinical relevance in breast cancer. Whether this holds 
true for other malignancies remains to be explored. 
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Various monoclonal antibodies reactive with protooncogene products or 
tumor-associated antigens have been utilized to investigate breast 
carcinoma biology or antigen expression with potential prognostic 
relevance. Murine monoclonal antibody TAl, generated by immunization of 
BALB/c mice with whole c-erbB-2 (neu) transformed NIH/3T3 cells, recognizes 
the extracellular domain of the c-erbB-2 protein and binds a Mr 185,000 
protein by immunoprecipitation. Using avidin-biotin-peroxidase techniques 
and monoclonal antibody TAl, 313 archival primary adenocarcinomas of the 
breast were evaluated for c-erbB-2 overexpression; 290 of these were used 
for multiparametric statistical analysis. Historical, clinical (age, 
laterality), histological (nuclear grade, tumor size, lymph node status, 
lymphatic or blood invasion) , and hormone receptor data as well as clinical 
outcome (minimal follow-up, 6 years; median follow-up, 8.5 years) were 
compared to TAl staining. For these 290 patients Cox regression 
multivariate analysis showed the strongest correlation between lymph node 
status or estrogen receptor status and overall survival (P = 0.0001 and 
0.049, respectively). TAl staining did not significantly correlate with 
survival (P = 0.395). However, univariate analysis of certain patient 
subpopulations showed a significant correlation if the examined tumors were 
subdivided into negative or focally reactive and those with greater than or 
equal to 40% cellular reactivity. For T3, T4 patients, strong TAl 
immunoreactivity correlated with a shortened disease-free survival (log 
rank P = 0.0018; Wilcoxon p = 0.0078) and overall survival (log rank P = 
0.0002; Wilcoxon P - 0.0013). For these patients the overall survival at 6 
years was markedly different between the strongly reactive tumors (0%) and 
the negative to weakly reactive tumors (55%). In lymph node-positive 
patients a trend between high TAl reactivity and a worse overall survival 
was also noted (log rank P = 0.128; Wilcoxon P = 0.054), with a 6-year 
survival of 42% in the strongly reactive tumors (n = 16) and 65% in the 
negative to weakly reactive carcinomas (n = 105) . No correlation between 
TAl immunoreactivity and other historical, clinical, and histological 
features were noted. c-erbB-2 overexpression as measured by 



immunohistochemical techniques, therefore, may have clinical significance 
in certain patient subpopulations , 
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A series of monoclonal antibodies specific for the extracellular domain 
of the human neu gene product (pl85) have been produced. The generation of 
these monoclonal antibodies, and their biochemical and immunological 
characterization is described. The immunization protocol utilized a series 
of injections of NIH3T3 cells, cyclophosphamide, and a neu transfected 
NIH3T3 cell line (designated 18-3-7) which expressed the full length human 
neu-encoded protein. This immunization regimen induced an immune response 
to the extracellular portion of pl85 on the 18-3-7 cells. A panel of ten 
hybridomas were identified which secreted monoclonal antibodies with a 
variety of epitope specificities, and reacted with pl85 in a number of 
different experimental formats. As the neu gene product has been associated 
with human breast cancers, a series of monoclonal antibodies such as these 
could prove useful in the diagnosis, prognosis and/or treatment of these 
human malignancies. 
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The HER2 / c - erbB - 2 gene encodes the epidermal growth factor receptorlike 
human homolog of the rat neu oncogene. Amplification of this gene in 
primary breast carcinomas has been show to correlate with poor clinical 
prognosis for certain cancer patients. We show here that a monoclonal 
antibody directed against the extracellular domain of pl85HER2 specifically 
inhibits the growth of breast tumor-derived cell lines overexpressing the 
HER2/c-erbB-2 gene product and prevents HER2/c-erbB-2 -transformed NIH 3T3 
cells from forming colonies in soft agar. Furthermore, resistance to the 
cytotoxic effect of tumor necrosis factor alpha, which has been shown to be 
a consequence of HER2/c-erbB-2 overexpression, is significantly reduced in 
the presence of this antibody. 
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